In order to discuss the melatonin (MT) on photosynthetic pigment contents and antioxidant enzyme activities of vegetables, broadbean (Vicia faba) seeds were soaked in five doses (0, 50, 100, 150 and 200 µmol/L) of MT and then planted in pots containing cadmium (Cd) contaminated soil. The 50-and 100-µmol/L MT doses had no significant effects on the contents of chlorophyll a, total chlorophyll and carotenoid in broadbean seedlings, while the 150-and 200-µmol/L MT doses increased them. MT also increased the activities of superoxide dismutase, peroxidase and catalase, and the contents of soluble protein in broadbean seedlings compared with their respective controls. Thus, MT could improve the resistance of broadbean seedlings to Cd stress.
Introduction
In recent years, soil heavy metal contamination has become increasingly serious. When soil is contaminated with heavy metals, it affects crop yield and quality, and may enter the food chain, which can affect human health [1] . In China, among the soil heavy metal contaminants, cadmium (Cd) occurs in the largest area [2] . Thus, it needs finding other methods to resolve heavy metal (especially Cd) contamination while maintaining the existing agricultural production.
Broadbean (Vicia faba Linn) is an herb, in addition to being a good food, and the plant is also a good fertilizer [3] . In recent years, because of the increasing level of Cd contamination, the yield and quality of broadbean has been seriously affected [4] . In this research, the effects of Melatonin (MT) on photosynthetic pigment contents and antioxidant enzyme activities of broadbean seedlings were studied to determine whether MT can improve the resistance of broadbean seedlings to Cd stress.
Materials and Methods
Materials. Local varieties of broadbean grown in Chengdu, Sichuan Province, China were used in this study. The soil samples were fluvo-aquic soils, which were collected from the Chengdu Campus Farm of Sichuan Agricultural University (30°42′ N, 103°51′ E) in October 2015. The soil basic properties and its Cd content were described in Liu et al. (2015) [5] . Then, 0.5 kg of air-dried soil was placed into each polyethylene pot (10-cm high, 8-cm diameter). Cd (CdCl 2 ·2.5 H 2 O) was added to the soil samples at a dose of 10 mg/kg according to [6] . The soil moisture was maintained at 80% of field capacity for one month.
Experimental Design. In November 2015, the seeds of broadbean were soaked in different doses (0, 50, 100, 150 and 200 µmol/L) of MT for 48 h. A 50-mL solution soaked approximately 15 seeds. Then, the seeds were placed in an incubator to germinate at 26°C for 48 h, and four uniform seeds with buds were transplanted into the prepared soil of each pot in the greenhouse of the Chengdu Campus Farm. Every treatment was replicated four times (four pots). We watered every day to keep the soil moist. When the broadbean seedlings had grown for one month (December 2015), the third upper mature leaves of broadbean seedlings were collected to determine the contents of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid, the superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) activities and the content of soluble protein [7] .
Statistical Analyses. Data were analyzed using SPSS 13.0 statistical software (IBM, Chicago, IL, USA).
Results and Discussion
Photosynthetic Pigment Contents in Broadbean Seedlings. Compared with the control, doses of 50 and 100 µmol/L MT had no significant effects on contents of chlorophyll a, total chlorophyll and carotenoid in broadbean seedlings, while doses of 150 and 200 µmol/L MT increased the contents (Table 1) . When the doses of MT were 150 and 200 µmol/L, compared with the control, the total chlorophyll contents increased by 6.53% and 9.20% respectively, and the contents of carotenoid increased by 5.77% and 9.62% respectively. However, the different MT concentrations had no significant effects on the chlorophyll b contents of broadbean seedlings. Values are means (± SE) of four replicate pots. Significant differences (indicated by different lowercase letters) within a column are based on a one-way analysis of variance with the least significant difference test (p < 0.05), and followed by the post-hoc test.
Antioxidant Enzyme Activities of Broadbean Seedlings. The 50-µmol/L MT dose had no significant effects on the SOD and POD activities of broadbean seedlings compared with the control, while the 100-, 150-and 200-µmol/L MT doses increased the enzyme activity levels ( Table 2) . When the doses of MT were 100, 150 and 200 µmol/L, compared with the control, the SOD activity of broadbean seedlings improved by 25.60%, 64.06% and 75.86% respectively, while the POD activity improved by 16.48%, 21.12% and 27.64% respectively. The different concentrations of MT improved the CAT activity of broadbean seedlings compared with the control, but there were no significant differences among the 50-, 100-and 150-µmol/L MT doses. MT also increased the soluble protein contents of broadbean seedlings compared with the control, with the maximum occurring at the 200-µmol/L MT dose. Thus, MT could increase the resistance of broadbean seedlings to Cd stress.
Discussion
MT, as an antioxidant, can prevent the degradation of chlorophyll [8] and protect the photosynthetic systems [9] . Under high-temperature stress, MT increases the chlorophyll content, the primary light energy conversion efficiency of cucumber seedlings; thereby, improving their photosynthetic capacity [10] . Other studies reported the same effects on plants under high-temperature stress [11] and nitrate stress [12] . In this study, 50 and 100 µmol/L of MT had no significant effects on the photosynthetic pigment content of broadbean seedlings, while 150 and 200 µmol/L of MT increased that the pigment content, which was not completely consistent with previous studies [10] [11] [12] . Thus, only higher concentrations of MT could promote photosynthetic pigment synthesis in broadbean, and the sensitivity of broadbean to MT was lower than that of other plants [10] [11] [12] .
Under heavy metal stress, active oxygen is produced in plants, which can destroy their membrane system [13] [14] . The exogenous MT can promote antioxidant protection in plant seeds and seedlings by chelating with metal ions [15] [16] . The exogenous MT increases the CAT activity and soluble protein content in young rice buds under Ni stress [17] and also improves the activities of SOD, POD and CAT in rice seedlings under Cd stress [18] . In this experiment, 50 µmol/L of MT had no significant effects on the SOD and POD activities of broadbean seedlings, while 100-, 150-and 200-µmol/L MT doses improved their activities. The different concentrations of MT increased the CAT activity level and the soluble protein content of broadbean seedlings. These results were similar to those of previous studies [17] [18] , which might be related to MT's role as an antioxidant [19] [20] . Thus, MT could improve the resistance of broadbean seedlings to Cd stress by increasing the antioxidant enzyme activity levels. Values are means (± SE) of four replicate pots. Significant differences (indicated by different lowercase letters) within a column are based on a one-way analysis of variance with the least significant difference test (p < 0.05), and followed by the post-hoc test.
Conclusions
Under Cd stress, the 50-and 100-µmol/L MT doses had no significant effects on the contents of chlorophyll a, total chlorophyll and carotenoid in broadbean seedlings, while the 150-and 200-µmol/L MT doses increased them. MT also increased the activities of superoxide dismutase, peroxidase and catalase, and the contents of soluble protein in broadbean seedlings compared with their respective controls. Thus, MT could improve the resistance of broadbean seedlings to Cd stress.
